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With the increasing development of laser scanning and position and orientation 
technologies, it has been a reality to rapidly acquire three-dimensional (3D) information 
of large-scale natural scenes. Due to the superior properties, mobile laser scanning (MLS) 
systems can rapidly collect highly dense and accurate 3D point clouds of real-world 
coordinates over large areas within a short time period. MLS systems, an active mapping 
system, use near-infrared laser beams to measure objects’ topologies. Mapping missions 
can be carried out in the daytime or nighttime without the consideration of environmental 
illuminations. MLS systems and the resultant 3D point clouds have been extensively used 
in fields of transportation, road planning, road maintenance, map navigation, digital city, 
heritage documentation, forestry, mining, animation, basic surveying and mapping, etc. 
Consequently, studies on 3D object detection from 3D point clouds have also achieved 
great improvements. However, existing algorithms on 3D object detection from large-
scale MLS point clouds still remain the following disadvantages: (1) high computional 
complexity or low computational efficiency, (2) lack of effective feature descriptors, (3) 
low accuracy and robustness, and (4) data incompleteness. In addition, due to the 
properties of high density, large volume, and spatial discreteness of MLS point clouds, as 
well as the incompleteness, overlaping, sheltering, and similarity of 3D objects in actual 
point cloud scenes, it is greately important to exploit robust and effective 3D object 
detection algorithms to expand the applications of MLS systems and 3D MLS point 
clouds. To solve the problems in 3D object detection from large-scale MLS point clouds, 
this doctoral dissertation mainly focuses on the following three aspects: 
Firstly, considering the problems of existing feature descriptors in characterizing 
only local features and lack of effective feature descriptors for depicting local point cloud 
segments, novel feature descriptors are proposed. For shape-based 3D object detection 
purposes, a pairwise 3D shape context is proposed to model the entire structures of 3D 
objects. Specifically, by constructing pairwise 3D shape contexts for nearby feature point 
pairs, the local features of 3D objects can be well modeled. By constructing pairwise 3D 















well modeled. In addition, for local part-based 3D object detection purposes, a multi-layer 
feature generation model is proposed to abstract high-order feature representations of 
local point cloud segments. Constructed based on deep learning techniques, the multi-
layer feature generation model can rapidly generate highly salient, highly distinctive, and 
high-order feature representations for local point cloud segments. 
Secondly, considering the problems of scale variance, topology variance, and 
overlapping of 3D objects in actual point cloud scenes, a novel 3D object matching 
framework is proposed for matching 3D point cloud objects. This framework uses feature 
matching and geometric matching terms to respectively constrain the local features and 
geometric structures of 3D objects. By constructing locally affine-invariant geometric 
constraints, this framework can not only handle 3D objects of varying scales and 
topologies, but also obtain promising matching performance for 3D objects with 
attachments or overlapped with other objects. 
Finally, considering the problems of overlapping and different levels of 
incompleteness of 3D cars in actual point cloud scenes, a Hough forest model and a 
visibility estimation model are proposed for 3D car detection. Hough forest model can 
effectively map feature representations of local point cloud segments to the locations of 
cars’ centroids. Based on the part component distributions of 3D cars, visibility estimation 
model can effectively estimate the completeness of 3D cars to augment the estimation 
probability of the exisitence of 3D cars. 
The eximantions and quantitative evaluations of the three proposed 3D object 
detection algorithms on large-scale MLS point cloud data sets demonstrate that the 
proposed algorithms can effectively handle large-scale MLS point clouds and achieve 
promising detection performances. In addition, the comparative studies with existing 3D 
object detection algorithms also demonstrate the superior performance of the proposed 
algorithms. The studies in this doctoral dissertation make a significant contribution to the 
development of 3D object detection algorithms on large-scale MLS point clouds. 
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